I. INTRODUCTION
The singular asymptotic behavior of the thermodynamic properties of fluids near the critical point satisfies scaling laws with universal critical exponents and scaling functions. Several attempts have been made to formulate representative equations for the thermodynamic properties of carbon dioxide in the critical region that incorporate the scaling laws. [1] [2] [3] [4] [5] [6] However, the previous equations contained effective critical exponent values that differed from the universal critical exponent values predicted by theory.? This deficiency can be repaired by extending the asymptotic equations so as to include at least one correction-to-scaling term as predicted by the renormalization-group theory of critical phenomena and by incorporating scaling fields that are combinations of the physical field variables in accordance with the revised scaling of the decorated lattice gas.
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Our interest in formulating an accurate scaled fundamental equation for carbon dioxide in the critical region was motivated by the fact that new precise experimental data for the isochoric specific heat of CO 2 have become available as measured by one of the authors. 11 These new specific-heat data replace the specific-heat data earlier reported by Lipa et al. 12 There exists an increased interest in the thermodynamic properties of CO 2 , in part because of the use of CO 2 as a solvent for supercritical extraction and in enhanced oil-recovery programs. To meet the demand for representative equations that yield the thermodynamic properties of CO 2 , Ely et al. have recently developed a global fundamental equation for CO 2 valid in a large range of temperatures and densities.13 Like most fundamental equations in the literature, the global equation of Ely et al. remains analytic at the critical point and, therefore, fails to accommodate the divergent critical behavior of the isochoric specific heat. The re-
II. REVISED AND EXTENDED LINEAR MODEL
Fluids near the vapor-liquid critical point are expected to belong to the universality class of three-dimensional Isinglike systems. 14, 15 The renormalization-group theory of critical phenomena predicts that near the critical point the thermodynamic potential F of a spin system represented by a Landau-Ginzburg-Wilson Hamiltonian can be represented by an expansion of the form l6 F = Fo + 11' 1/:1(.5+ 1)/0 C1'~PIl) + ud1' I/:I(.5+ 1) +b.il C1'~PIl) + '" . Here (3 and {j are the exponents of the critical power laws that characterize the asymptotic behavior of the order parameter along the coexistence boundary and of the ordering field along the critical isotherm, while the exponent a l accounts for the nonanalytic behavior ofthe first correction to the asymptotic power-law behavior. The variables l' and h are relevant scaling fields that vanish at the critical point, and U J is the first irrelevant scaling field that approaches a finite value at the critical point. For spin systems, the thermodynamic potential F can be identified with the Gibbs free energy divided by kB T, where kB is Boltzmann's constant and T the temperature. The scaling fields 1' , h, and U I and the background function Fo are assumed to be analytic functions of the physical fields, temperature T, and magnetic field H, or, equivalently, l/kBT andH /kBT.
To apply the theory to fluid systems, it is assumed that the potential F can be identified with the pressure P and the magnetic field H with the chemical potential,." as is the case for the analogy between Ising model and lattice gas.
18 Specifically, we consider the potential P /Tas a function of liT (2.4) chosen such that aT = 0 and I:1{.t = 0 at the critical point. The functions fio(T) and Po (T,ji.) are analytic functions which we represent by truncated Taylor expansions in powers of aT and of aT and 1:1{.t, respectively:
The scaling fields 1", h, and U I are analytic functions of aT and 1:1{.t. To first order This relation enables one to obtain expressions for the various thermodynamic properties from the potential P.
To specify the fundamental equation, we need explicit expressions for the scaling functions!o and!1 in Eq. (2.2). In practice, empirical closed-form expressions are used that conform to the asymptotic behavior and the symmetry of the Ising model; they require a transformation to parametric variables rand (), where r measures a distance from the critical point and () a location on a contour of constant r. 7, 19, 20 implies ratios for these correction-to-scaling amplitudes that differ from the current theoretical predictions. 23 Hence, the extended linear model, while incorporating the asymptotic scaling behavior with considerable accuracy, only yields an order of magnitude estimate for the correction-to-scaling terms. A more complete treatment of the leading corrections to scaling would require the addition of a term of the form hi (O),.AI in the expression (2.1Oa) for the scaling field h.
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III. APPLICATION TO CARBON DIOXIDE
The scaled fundamental equation as defined in the preceding section contains the following system-dependent parameters: the critical parameters T e , Pc, and Pc, the parameters a, ko' k l , and c which determine the relationship between the scaling fields and the physical variables, the parameters PI' P 2 , P 3 , and P I1 which determine the analytic background in the pressure and the parameters,ue,,uI,,u2,,u3' and ,u4 which determine the analytic background in the chemical potential. The values of these parameters obtained for CO 2 are presented in Table IV To determine the values of the system-dependent parameters we have considered the accurate P-p-T measurements of Michels and co-workers 37 . 38 and the new specificheat data of Edwards.u The P-p-T data are comprised of data from two different experiments. In the critical region the major part of the pressure data are provided by the measurements of Michels et aP8; these data are grouped in isotherms ranging from 276 to 313 K with densities ranging from about 168 to about 913 kglm 3 and pressures ranging from about 3.8 to about 10 MPa. Within the range specified by Eq. (3.1), there are also two isotherms, at 313 and 323 K measured by Michels et reproduces the experimental pressure data in the range specified by Eq. (3.1) with a standard chi square of 1.96.
In Figures 1 and 2 we represent a comparison between the experimental pressure data of Michels and coworkers 37 . 38 and the pressures calculated from the scaled fundamental equation presented in this paper. In the same figures we have included a comparison with the pressures calculated from the analytic equation of Ely et al.13 The differences A = (P exp -P calc )IP exp between the pressures cal- Magee and Ely43 have also recently reported an extensive set of C v data of compressed CO 2 , The data of Magee and Ely do not approach the critical point sufficiently close to specify the critical behavior of the specific heat, but they yield detailed information on the magnitude of C v for CO 2 outside the critical region. The specific-heat data, as originally reported by Edwards, do not reduce to the specific-heat data found by Magee and Ely outside the critical region. The latter data are consistent with the C v values earlier reported by Michels and de Groot 44 and by Michels and Strijland. 45 The difficulty with the work of Edwards is that the heat capacity of the empty calorimeter was never measured. Instead, the heat capacity of the empty calorimeter was estimated from its known composition. We assumed that the discrepancy between the data of. Edwards and the other literature data outside the critical region is due to insufficient accuracy in the knowledge of the heat capacity of the empty calorimeter. We therefore redetermined the heat capacity of the empty calorimeter by requiring that the specific heat data of Edwards should coincide with those of Magee and Ely outside the critical region. Since the C v data of Edwards and of Magee and Ely were obtained at substantially different densities, this goal cannot be easily accomplished by comparing the experimental data directly. Since the equation of Ely was developed with the C v data of Magee and Ely as input, we demanded instead that the specific heat calculated from the scaled equation agree with the specific heat calculated from the analytic equation of Ely at a matchpoint at the boundary of the region (3.1) of the validity of the scaled equation. The matchpoint chosen for this purpose corresponds to a temperature To and a density Po such that To = 322.827 K, Po = 404.5 kg/m 3 , (3.5) where both equations yield an identical pressure Po = 10.1136 MPa. This procedure implied that a constant value of9.64 J/mol K had to be subtracted from the data as reported originally by Edwards.
In determining.u2 ' .u3' and.u4 from the corrected C v data of Edwards, we used the error estimates 0' T = 0.005 K and up = 0.05 kg/m 3 for temperature and density; for O'c u we used the standard deviations found by Edwards from spline fits to the various experimental runs, II except that we adopted a minimum error of 0.25%. With the values thus found for .u2 ' .u3' and .u4 points are within three standard deviations. In particular, we think that the systematic trends noticeable at temperatures below the critical temperature indicate a limitation of our linear model in its capability of fully accounting for corrections to scaling and lack of vapor liquid symmetry. While our linear model has been demonstrated to reproduce the thermodynamic properties of fluids in the supercritical region,23,46 it has always been difficult to cover a significant range below the critical temperature. 10,28-3 J It is possible to reduce the standard chi square to 1.9 by fitting the experimental C v data to our scaled fundamental equation with all parameters left free. However, the resulting The linear model implies the following asymptotic power laws along the critical isochore P = Pc, the coexistence curve p = p cxc and the critical isotherm T = Tc: The disadvantage of the scaled fundamental equation is that its validity is restricted to a small range [Eq. (3.1)] around the critical point. In fact, the agreement with experimental data deteriorates very rapidly as soon as the scaled fundamental equation is extrapolated outside this range. The problem is that the scaled equation used here does not extrapolate properly to any known limit far away from the critical point, neither at low or high densities nor at low or high temperatures. In formulating the scaled fundamental equation the potential is separated into a singular critical contribution and an analytic background contribution. Renormalization-group analysis has demonstrated the existence in the critical region of analytic terms driven by the critical fluctuations that vanish in the classical limit as discussed by Nicoll et 01. 17 ,52-54 Hence, our analytic background is an effective background combining critical and classical analytic contributions. Attempts to formulate a global fundamental equation that incorporates the crossover from singular behavior near the critical point to the proper classical behavior far away from the critical point are currently in progress.
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APPENDIX: EQUATIONS FOR REVISED AND EXTENDED LINEAR MODEL
The reduced thermodynamic quantities are defined as follows: -UI -
W=-----.
TI/2
Pc (Al)
In the above, T is the temperature, It the chemical potential, P the pressure, p the density, V the volume, U the internal energy, A the Helmholtz free energy, S the entropy, C v the heat capacity at constant volume, C p the heat capacity at constant pressure, and W the thermodynamic sound velocity. The corresponding thermodynamic differential relations are I ifi = uit + pdji" dA = -Vit + ji,dp, dB = -TdU + pdji" dS = TdU -ji,dp.
(A2)
The fundamental equation for the potential P has the 
;=1
The parametric equations for llji" llT, llP, and the derivatives of llPwith respect to llji, and llT are presented in Table   I in terms of auxiliary functions listed in Table II . From the fundamental equation (A3) one can calculate the other thermodynamic properties by using the following thermodynamic relationships9.10:
---(allP) A =p,u -P,
H=P-TV,
S=H-p,u= -TV-A,
-(a 2M) 
The values of these thermodynamic properties at the coexistence boundary are obtained 9 by taking () = ± 1. Table IV .
The scaled fundamental equation presented here represents the thermodynamic surface of CO 2 in the range oftemperatures and pressures bounded by
